survey collected information from hospitalized diabetic patients in Wuhan City, Hubei Province, China, using a questionnaire. This investigation includes studies from two stages with 502 diabetic patients from 20 hospitals in Wuhan City. The results suggested that patients with a long history of diabetes are often associated with a high risk of DFU (v 2 5 11.428, p 5 0.0007), smoking (v 2 5 8.386, p 5 0.0007), diabetic complications (v 2 5 13.484, p < 0.0001), and especially patients with diabetic foot complications (v 2 5 57.6621, p < 0.0001). Foot lesions appeared to be important attributors to DFU since our data demonstrated close correlations between DFU and patients with calluses/corns (v 2 5 4.584, p 5 0.0323), tinea pedis (v 2 5 4.030, p 5 0.0447), and cracked skin (v 2 5 8.712, p 5 0.0032). Only a small number of patients seek for the assistance from specialists, such as trimming toenails (3.4%), removing corn or calluses (1.4%) or treating wounds (11.78%), when they are suffering from foot problems. The findings of this study can potentially be utilized to develop an early DFU diagnostic method in diabetic patients and can provide objective evidence for suggesting that patients who are suffering from foot problems should seek professional help.
The most recent data released from International Diabetes Federation (IDF) indicated that diabetes led to 5.0 million deaths globally in 2015-a death every six seconds attributed to diabetes. 1 Diabetic foot ulcer (DFU) has been considered one of the most common and destructive complications that leads to amputation, or even death in extreme cases. 2 Among the complications caused by diabetes, DFU can be found in 5-10% of diabetic patients at various levels. Meanwhile, 1% of the diabetic patients with severe DFU eventually lost limbs in western countries. DFU is the leading cause of amputation in many countries, which counts for 80% of amputation cases that are caused by noninjuries. 3, 4 In the United Kingdom, 2% of the diabetic patients were reported to get newly developed DFU every year. 5 The annual percentages of the diabetic patients with newly developed DFU in Australia and the United States are even higher than UK, reaching 2-4% 6 and 15%, 7 respectively. A previous epidemiological study in 669 diabetic patients conducted in China suggested 19.3% of those patients suffered from amputation. 8 Globally, over a million diabetic patients are under a risk of amputation every day. 3 Efforts have been made to understand the mechanism of DFU development in diabetic patients. However, little progress has been made in relation to treatments for DFU. Therefore, to identify the internal and external factors that can affect the initiation and development of DFU in diabetic patients is highly desired. Here, we reported a cross-sectional survey conducted with the diabetic patients in hospitals in Wuhan City (Hubei Province, China).
The data of this study was collected from 502 patients with diagnosed diabetes in one the largest metropolitan areas in China, Wuhan City in Hubei Province in year 
MATERIALS AND METHODS

Subjects for the survey
The patients participated in this study were all diagnosed with Type 2 diabetes following the diagnosis protocol developed by the World Health Organization in 1999. The diabetic patients with the ability of independent thinking and normal communication were selected as participants of the survey. All of the selected participants were consented before taking the survey. The survey lasted for 13 months from July 2014 to August 2015, and was developed into two stages: stage I with 210 participants from July to August 2014; and stage II with 292 patients from September 2014 to August 2015.
Survey
Questions in the survey forms for stage I and II were all developed in our laboratory and evaluated by trained nurse practitioners. The formal survey form can be found in Supporting Information Table 1 . The content of the survey form includes anthropologic characteristics, socioeconomic characteristics, health conditions, life style, medical history of foot complications, and so on. (Table 1 ). The stage II survey form is almost identical to the stage I survey form with minor changes. Each consented patient was asked to participate in the survey in the hospital anonymously. The participant was asked to orally answer the questions in the survey form. The survey questions were asked and filled in the survey form by a pretrained senior medical school student or a graduate student involved in this project.
Data analyses
The data collected from each survey form will be input to a database constructed by EpiData (The EpiData Association, Odense, Denmark). All the data was recorded in the database by double-entry method, which were confirmed by two independent researchers. The completed database was further analyzed with SPSS13.0 (IBM, Armonk, NY, USA). The correlation between each DFU impact factor and DFU was estimated using chi-square test.
RESULTS
Overall information of the database
The database generated from this study contains the information from 502 participants (210 from Stage I and 292 from stage II) in 20 hospitals in Wuhan City. The sex, age group, history of diabetes, and other basic information of patients were in Table 1 . The ratio of male and female patients participated in this study was 48.3:51.7. Among all the participants, only 13.48% patients were under age 50. There were 64.53% patients in this study had a history of diabetes for 1-20 years. The majority of the participants had their medical expenses fully or partially covered by health insurances. Additional information of survey participants showed that 62.07% patients failed to maintain their blood glucose level within a healthy range. 59.59% participants were found to have various diabetic complications, including 22.95% with diabetic neuropathy and 1.03% with diabetes caused amputation.
Prevalence rate of DFU can be affected by different factors
The foot conditions in all the 502 participating patients were also documented. 11.38% patients were diagnosed with DFU, while other identified foot abnormalities included calluses/corns (42.9%), tinea pedis (33.22%), onychomycosis (28.42%), ingrown toenails (28.68%), and cracked skin (22.95%). We are particularly interested in the patients with diagnosed DFU. A number of internal and external factors prevalent to DFU were estimated based on the database. It was found that sex of patients did not contribute to the risk of DFU, since the percentage of male and female diabetic patients with DFU were 12.03% and 10.89%, respectively. Although diabetic patients aging from 60 to 70 years old have the highest chance to develop a DFU among all the age groups, age did not show a correlation to the prevalence rate of DFU (Table 2) . In contrast, patients with longer diabetes history tend to have higher risk in getting DFU. Probabilities of DFU for individuals with a diabetic history of <2 years old, 2-10 years old, 10-20 years old, and >20 years old, were 4.04%, 9.76%, 14.01%, and 19.23%, respectively. A chisquare test indicated there is a significant difference in the risk of getting DFU among all the diabetic history groups (v 2 5 11.4284, p 5 0.0007, Table 2 ). Another DFU closely related factor is smoking. Interestingly, our study displayed that diabetic patients who had quit smoking had a probability of getting DFU 19.51%, which was higher than both non-smoking patients (11.00%) and smoking patients (5.94%). The difference in probabilities of DFU in all three groups was statistically significant (v 2 5 8.386, p 5 0.0151, Table 2 ).
Diabetic complications contribute to DFU in diabetic patients
Other diabetic complications may also influence the chance of getting DFU in diabetic patients. Among the 292 diabetic patients participated in stage II of our study, 174 patients (59.59%) were recorded with various diabetic complications. Probability of DFU in participants with other diabetic complications (12.64%) was much higher than that in participants without any other complications (0.85%). This was also reflected by the statistical analyses (v 2 5 13.484, p < 0.0001, Table 3 ). Within the group of patients with other diabetic complications, we found that complications in feet led to a higher chance of DFU (29.85%) compared to that in the patients with non-foot complications (1.33%). This was also confirmed by chi-square test (v 2 5 57.6621, p < 0.0001, Table 3 ). Therefore, diabetic complications may be critical in development of DFU in a diabetic patient. And the complications in feet of diabetic patients appeared to be an important contributor to DFU.
Podiatric conditions also determine the probability of DFU in diabetic patients
As mentioned earlier, we also collected the patients' podiatric conditions in the second stage of survey. The podiatric conditions of a patient include whether the patient has or had calluses/corns, tinea pedis, onychomycosis, ingrown toenails, and cracked skin. According to our results, cracked skin is the number one contributor to DFU (v 2 5 8.7118, p 5 0.0032), among all the podiatric conditions with 16.42% getting DFU (Table 4) . Calluses/corns (v 2 5 4.5835, p 5 0.0323) and onychomycosis (v 2 5 4.0296, p 5 0.0447) were the other two podiatric conditions that contribute significantly to the development of DFU. Percentages of the DFU patients with calluses/corns and onychomycosis are 14.88% and 12.37%, respectively. This result illustrates that ingrown toenails and never trimmed is still a considerable contributor to DFU (Table 4) . Cracked skin, calluses/corns, and onychomycosis may negatively impact the development of DFU in diabetic patients. Good pedicure treatments may lower the risk in getting DFU.
Medical pedicure treatments and DFU
To avoid the negative impact of bad podiatric conditions on diabetic patients, pedicure provided by professional personnel is necessary. As shown in our data, only a small percentage of participants had the professional pedicure services, including 3.40% had nail trimming and 1.40% had calluses/corns removal services (Table 5 ). Among the participants who had obvious foot ulcers, only 11.78% accepted medical treatments in hospitals (Table 5 ). This indicated the importance of professional pedicures in the prevention of DFU in diabetic patients.
DISCUSSION
Effects of age, diabetic history, and smoking on DFU Age is commonly considered as one of the important factors contributing to the development of DFU. [9] [10] [11] [12] [13] Our results also suggested that more elderly diabetic patients, in comparison to all other age groups, were diagnosed with DFUs (17.65% patients between 60 and 70 year). However, chi-square test did not show an obvious correlation between age and risk in DFU (Table 2 ). In contrast, diabetic histories of the patients greatly contributed to the DFU in diabetic patients (Table 1) . Longer diabetic history showed higher risk in getting DFU. Combined with the data from different age groups, we conclude that the chance of getting DFU for most of the patients depends on how long they have suffered from diabetes rather than their age group, which is also supported by other studies. 9, [14] [15] [16] Smoking is another major contributor to the development of DFU in diabetic patients. Many earlier studies reported that smoking increased chances of DFU in diabetic patients; however, the mechanism of how smoking delays the repair of DFU in diabetic patients remains largely unknown. Some evidence revealed that carbon monoxide and cyanides prohibited tissue metabolic activities. Meanwhile, the nicotine in smoke promotes the contraction or spasms of blood vessels. All these effects may eventually lead to tissue ischemia, which results in non-healing ulcers. Our results showed a clear negative impact of smoking on DFU development in diabetic patients, which is also supported by earlier studies. 17, 18 Interestingly, our data on the effects of smoking in DFU development showed a different result from that released by the Center for Disease Control (CDC) of the United States. 19 In their study, a higher DFU risk was confirmed in smoking patients (15.8%) compared to nonsmoking patients (10.3%) or nonsmoking patients with smoking histories (11.9%). In contrast, our data showed the highest DFU risk in the nonsmoking patients with smoking histories ( Table 2 ). The difference between our results and previous studies was likely caused by the definitions of current smoker and nonsmoking with smoking history. In our study, we did not define the time frame for current non-smoking patients with smoking history. The smoking history of the patients in this category could be from several days ago or many year ago. Therefore, potential effects of cigarette to DFU development in these patients may vary. Studies on the effects and aftereffects of smoking on DFU are desired for the explanation.
Diabetic foot complications and DFU
Long-term hyperglycemia may not only result in peripheral diabetic neuropathy, but also causes damaging pathological changes in blood vessels and local tissues. Cutaneous tissues with long-lasting hyperglycemic blood supply may become thinner and fragile, making them more susceptible to damage by physical force or chemical reagents. [20] [21] [22] Diabetic neuropathy is a common diabetic complication that can be found in 30-50% diabetic patients. Patients with diabetic neuropathy lose the sensitivity to pain, temperature, touch, and pressure, 23 causing a loss of self-protective functions within many tissues. Diabetic neuropathy also often happens in feet of diabetic patients, which causes changes in biomechanical forces on feet, ultimately resulting in the formation of calluses or corns. 24 Long-standing calluses or corns in local foot areas can cause cracked skin, which often leads to foot infections. 25, 26 Pathological changes in autonomic nervous system also contributes to the formation of cracked skin by reducing the blood supply and secretion from sweat glands and sebaceous glands. 27 Consistent to our findings, tinea pedis was previously found associated with DFU in some cases with an overall percentage 46.7% in diabetic patients. 28 Calluses/corns and cracked skins have also been found in diabetic patients with DFUs, [28] [29] [30] which supports the results in our study (Table 4) . However, in contrast to earlier studies showing that onychomycosis independently influenced the DFU in diabetic patients, 31 ,32 onychomycosis was not identified as a DFU contributor in our study (Table 4) . It is likely that the difference was caused by the loose definition of onychomycosis. Diagnosis for onychomycosis in most cases is based on physicians' experience, which could be the reason for inconsistency in studies.
Moreover, hyperglycemia also causes pathological changes in circulation system. These pathological changes may significantly reduce or completely shut down the blood flow to lower limbs in diabetic patients in severe cases, causing local ischemia. Ischemia in wounding areas delays the wound closure, increases the risk of bacterial infections, and in the worst scenario, generates gangrenes. 33 Previous studies suggested that the combination of diabetic neuropathy and angiopathy in diabetic patients dramatically increased the risk of amputation. 34 Medical pedicure may lower the risk of DFU in diabetic patients
Based on the survey, we also found that very few diabetic patients with potentially high risks of developing DFUs intended to seek medical assistance for professional pedicures ( Table 5 ). As mentioned above, bad podiatric conditions with diabetic complications can increase the risks in DFU; however, those foot complications in most cases can be easily relieved or removed through pedicures. Lack of pedicures in diabetic patients is partially caused by the patients' ability to recognize the importance of pedicures for diabetic patients. Another main reason is that the limitation of medical pedicure services in China. Although some participants in this study had pedicure services through nonprofessional agencies, those services in most cases are unreliable and could not provide any medical records for long term monitoring. Professional medical pedicure services have been provided in many developed countries. In the US, a branch committee in the American Diabetes Association specifically provides support information for DFU through nationwide media and library resources. Similarly, medical pedicure services are provided by German Diabetes Association (http://www.deutschediabetes-gesellschaft.de/home.html) across the country. In the United Kingdom, only licensed physicians are authorized to provide medical pedicure services. Efforts in medical pedicures and diabetic foot complication research in China has been rapidly developed during the past decades, even with a late start. 35 Involvement of medical pedicure in diabetic patients will be expected to relieve the pain and symptoms caused by foot complications, thereby improve the quality of life for diabetic patients.
